The Effect of Knowledge Systematization on Learning Scientific Rules: A Case Study Using a Qualitative Approach by KUDO Yoshifumi et al.
The Effect of Knowledge Systematization on
Learning Scientific Rules: A Case Study Using
a Qualitative Approach













	 Previous	studies	have	revealed	 that	 learners	have	difficulty	 in	applying	rules	 they	have	
already	learned.	We	presumed	that	the	reason	for	this	was	that	they	confused	atypical	examples	
with	exceptions.	To	avoid	 this,	 this	study	aimed	at	enhancing	knowledge	systematization.	To	
achieve	 this	aim,	a	comparative	rule	was	 taught	 in	addition	 to	 the	 target	 rule	 that	was	 the	
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that	 the	given	 information	 could	be	generally	 applicable	 to	 all	 seed	plants.	Moreover,	 the	
participants	concerned	had	a	tendency	to	restrict	the	application	of	the	rules	to	plants	that	grow	
from	bulbs	such	as	tulips	(over	specification).









representations	 (Kudo,	2013).	These	studies	share	 the	common	 finding	that	 the	 failure	 in	rule	
learning	is	largely	attributable	to	cognitive	factors	in	the	learner.
	 However,	 a	new	hypothesis,	which	 is	 clearly	distinct	 from	past	 explanations,	 has	been	





or	an	 “atypical	example.”	For	 instance,	after	 learning	 the	rule	 that	 “flowering	plants	produce	
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(2016)	not	only	presents	a	new	perspective	by	attributing	 the	 failure	of	 rule	 learning	 to	 the	
condition	of	rule	teaching	but	is	also	significant	in	the	practice	of	education	as	it	suggests	that	the	
issue	can	be	overcome	through	the	construction	of	a	knowledge	system.	The	purpose	of	 this	
study	 is	 to	examine	 the	hypothesis	by	Nishibayashi	 (2016).	Thus,	we	adopted	an	educational	




















Rules and Knowledge System
	 A	target	rule	 in	 this	study	 is	 “land	plants	have	roots,	stems,	and	 leaves.”	Daikon	radishes	
were	used	as	a	target	example.	As	daikon	radishes	are	atypical	because	their	stems	are	hard	to	
identify,	they	are	easily	misunderstood	as	exceptional	plants	without	stems	(see	Figure	1).	Thus,	
as	pointed	out	by	Nishibayashi	 (2016),	 it	 can	be	said	 that	daikon	radishes	are	an	example	of	
something	that	easily	 involves	confusion	between	atypical	examples	and	exceptions.	To	avoid	
such	confusion,	this	study	aimed	to	construct	a	knowledge	system	for	participants	(Figure	2).	The	
knowledge	system	consists	of	 the	 target	 rule,	 the	comparative	rule,	 and	 the	basic	 rule.	The	
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and	 aquatic	 environments,	 and	 the	 requirements	 of	 roots,	 stems,	 and	 leaves.	To	 this	 end,	
intermediary	rule	A	concerning	 land	plants	and	 intermediary	rule	B	concerning	aquatic	plants	
were	presented.	Moreover,	 the	relation	between	 the	 target	rule	and	 the	comparative	rule	 is	
identical	to	the	logical	relation	between	the	intermediary	rules.	This	is	equivalent	to	the	converse	
of	 the	contrapositive	 in	 logic,	namely,	 the	relationship	between	“p	 →	q”	and	“not	p	 →	not	q.”	
Needless	to	say,	a	proposition	that	is	true	in	logic	does	not	necessarily	mean	that	the	converse	of	
the	contrapositive	 is	 true.	However,	 the	veridicality	of	 the	rule	of	such	a	knowledge	system	is	
held	as	 true	even	 in	 the	converse	proposition,	 thus	both	a	proposition	and	a	converse	of	 the	








Figure 1.  Daikon Radish (Many people think that daikon radishes do not have stems. The part between 
the leaves and the roots and the upper part of the roots are the stems of daikon radishes.)




	 Teaching	materials	 titled	 “Do	daikon	radishes	have	stems?”	were	provided	 to	 learn	 the	
target	rule	by	taking	an	example	of	daikon	radishes	that	at	first	glance	do	not	appear	to	have	
stems.	Table	1	displays	the	series	of	questions	that	constitute	the	teaching	materials.	Q1	reminds	
the	participants	of	 the	rule	 that	 “plants	have	roots,	 stems,	and	 leaves,”	which	was	 taught	at	
primary	school,	and	then	asks	if	the	rules	would	be	applicable	to	all	the	plants.	Q2—Q5	ask	if	the	
target	example	(daikon	radishes)	and	dandelions	have	roots,	stems,	and	leaves.	Q6—Q12	are	about	
each	 function	of	 roots,	 stems,	and	 leaves,	which	was	also	 taught	at	primary	and	 junior	high	
school.	Q13	and	Q14	 introduce	marine	algae	as	an	example	of	 the	comparative	rule.	This	 is	
followed	by	reading	material	entitled	“the	topic	of	plant	evolution,”	which	explicitly	introduces	the	
target	rule	and	 the	comparative	rule	and	describes	a	relationship	among	photosynthesis,	 the	





	 In	 the	 study	 session	 or	post-interview	 session,	 if	 learners	 referred	 to	 the	 relationship	
between	the	target	rule	and	the	comparative	rule	or	the	condition	where	the	target	rule	is	true	
compared	 to	 the	 comparative	 rule,	we	 considered	 this	 to	 have	 demonstrated	knowledge	
【Intermediary rule A 】
Land plants have trouble getting water and 
light.
Land plants need roots, stems, and leaves.
【Intermediary rule B 】
Aquatic plants do not have trouble getting 
water and light.
Aquatic plants do not need roots, stems, or 
leaves.
【Basic rule】
Plants grow by photosynthesis.
Light and water are necessary for photosynthesis.
Roots, stems, and leaves are useful for getting light and water.
【Target rule】
Land plants have roots, stems, and leaves.
【Comparative rule】
Aquatic plants do not have roots, stems, or 
leaves.
Figure 2. Knowledge system concerning roots, stems, and leaves.
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systematization.











Q10．	Trees	grow	tall	by	 thickening	and	hardening	stems,	allowing	 them	to	unfold	 leaves	high	above	other	




















Discussion among the Participants at the Teaching Session
	 Overview.	 In	Q1,	 some	plants,	 including	daikon	 radishes	 as	 the	 target	 example,	were	
considered	as	exceptions.	 In	addition,	 some	participants	vaguely	recognized	 that	 there	were	
exceptions	without	being	able	to	cite	concrete	examples.	In	Q2—Q4,	the	discussion	evolved	into	
the	question	of	“whether	daikon	radishes	have	stems	or	not.”	As	the	discussion	progressed,	many	
attempted	 to	explain	 that	daikon	radishes	 “do	not	have	stems,”	while	 there	were	hardly	any	
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rather	 than	 the	 functions	of	 its	 roots,	 stems,	 and	 leaves.	As	 the	discussion	progressed,	 two	
participants	 (participants	A	 and	B)	 started	 to	make	 an	 inference	 by	 focusing	 on	 aquatic	
environments	 (discussed	 later).	They	continued	 to	assert	 their	 reasoning	 from	Q15	onward.	
Finally,	in	Q19,	all	the	participants	figured	out	that	daikon	radishes	had	stems	and	were	able	to	
specify	parts	that	functioned	as	stems.




	 Qualitative analysis.	 In	this	section,	qualitative	analysis	 is	conducted	on	discussions	about	
the	 comparative	 rule	 that	 is	 crucial	 to	 constructing	 the	 knowledge	 system.	A	 record	 of	
statements,	where	applicable,	 is	shown	 in	Table	2.	The	participants	discussed	the	question	of	
whether	marine	algae	have	roots,	 stems,	and	 leaves	as	cited	 in	Q13.	Based	on	the	statements	
made	by	Participants	A	and	B	whose	participation	 in	 the	discussion	was	substantial,	Table	3	
illustrates	characteristics	of	their	reasoning	in	each	phase	of	discussion.	In	phase	1,	they	mainly	







Figure 3. Percentages of number of each participant’s statements.
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concept	close	 to	 “rhizoids,”	namely,	 “something	 that	may	not	 function	 in	absorbing	water,	but	
supports	 their	 own	body”	 (A14).	Taking	 the	 growing	 environments	 of	marine	 algae	 into	
consideration	in	the	subsequent	phase	3,	the	participants	noticed	that	marine	algae	had	no	trouble	
getting	 light,	 thus	 leaves	would	not	be	needed	either.	This	 led	them	to	draw	the	conclusion	 in	
phase	4	 that	marine	algae	do	not	need	roots,	 stems,	 or	 leaves	 (A23).	Notably,	 the	 reasoning	
attained	from	phase	2	to	phase	4	traced	the	flow	from	the	basic	rule	to	the	comparative	rule	via	
intermediary	rule	B	 in	 the	knowledge	system	 (refer	 to	Figure	2).	 In	 this	way,	 the	process	of	
reasoning	by	Participants	A	and	B	was	appropriate	in	light	of	the	knowledge	system.	By	contrast,	
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Note.	T:		Statements	by	 the	 teacher,	A—D:	Statements	by	each	participant,	S:	Statements	by	participants	 (not	
otherwise	specified),	SS:	Statements	by	more	than	one	participant









Sea	 lettuces	 do	 not	 have	 roots,	 stems,	 or	
leaves.	(A9,	B6)
Phase	2 Taking	growing	environments	of	marine	algae	
into	 consideration,	 the	 result	 of	 reasoning	
about	the	presence	of	roots	is	reviewed.
Marine	 algae	 do	 not	 have	 trouble	 getting	
water.	(A11)
Marine	algae	do	not	need	roots.	(A13,	B9)
“Roots”	 of	 kelp	 are	 there	 to	 support	 their	
body.	(A14,	B10)
Phase	3 Taking	growing	environments	of	marine	algae	





into	 consideration,	 the	 result	 of	 reasoning	
about	the	presence	of	roots,	stems,	and	leaves	
is	reviewed.





study	session:	 (1)	How	the	participants	would	respond	 this	 time	around	 to	 the	question,	 “Do	
daikon	radishes	have	roots,	stems,	and	leaves?,”	(2)	How	to	better	explain	to	those	who	think	that	
“daikon	radishes	have	no	stems”	and	make	them	understand	that	 they	“have	stems,”	 (3)	What	
points	 in	 the	 topic	concerning	aquatic	plants	were	considered	helpful	 in	understanding	daikon	
radishes,	(4)	Are	there	any	other	matters	that	left	an	impression?	As	a	result,	all	the	participants	
affirmed	that	daikon	radishes	“have	roots,	stems,	and	leaves”	 in	 (1)	and	retained	the	knowledge	
concerning	 the	 target	example.	By	contrast,	 the	participants	commented	differently	on	other	
questions.	In	(2),	Participants	A	and	B	made	statements	that	focused	on	the	function	of	stems	in	
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photosynthesis,	while	Participants	C	and	D	did	not	give	a	 similar	sort	of	explanation.	 In	 (3),	
Participant	A	made	systematic	comparisons	of	 the	relation	between	 the	morphology	of	 land	





could	not	 remember	what	 topic	 concerning	aquatic	plants	was	discussed.	Moreover,	 in	 (4),	
Participant	A	referred	 to	 the	 significance	of	 comparing	plants	 that	have	a	different	way	of	



















	 The	 learning	 process	 and	 the	 outcome	 demonstrated	 various	 differences	 between	
Participants	A	and	B	versus	C	and	D.	The	former	not	only	proactively	made	statements	but	also	






topic	of	 aquatic	plants	discussed	 in	 the	 study	 session.	 In	view	of	 the	above,	 the	 latter	 two	
students	appear	 to	have	 failed	 to	accurately	 link	 the	rule	of	aquatic	plants	with	 that	of	 land	
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plants,	thus	a	knowledge	system	was	not	constructed.
	 Some	points	can	be	suggested	from	this	study.	The	first	point	 is	 the	relation	between	the	
construction	 of	 a	knowledge	 system	and	 rule	 learning.	Results	 of	 the	 interview	 show	 that	
Participants	C	 and	D	did	 not	 even	 touch	 on	 a	 comparative	 rule	 or	 a	 target	 rule	 in	 their	
statements.	In	short,	this	suggests	that	if	the	construction	of	the	knowledge	system	fails,	what	is	
attained	 is	no	more	than	example	 learning,	which	 falls	short	of	rule	 learning.	Not	only	 is	 this	
result	consistent	with	findings	in	a	prior	study	that	rule	learning	often	extends	no	further	than	
learning	examples	(Kudo,	2003),	but	also	with	the	hypothesis	by	Nishibayashi	(2016)	that	the	cause	




it	 is	necessary	 to	proactively	engage	 in	more	 intensive	cognitive	activity	during	 the	 learning	
process.	This	appears	to	be	relevant	to	the	finding	that	 it	 is	necessary	to	correlate	knowledge	
and	assimilate	pre-existing	knowledge	to	promote	meaningful	learning	(Mayer,	2003).	In	particular,	
it	 is	deemed	 important	 for	 learners	 themselves	 to	 trace	relations	represented	 in	 the	system	
during	the	reasoning	process	in	order	to	construct	the	knowledge	system.
	 Some	 issues	remain.	First,	what	caused	the	participants	 to	proactively	engage	 in	cognitive	
activity	 in	a	different	way?	Data	obtained	 from	the	study	did	not	clarify	this	point.	Therefore,	
further	 study	 is	needed.	Moreover,	 the	cognitive	activity	observed	 in	 the	 study	was	mostly	
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